Background. Patients undergoing salvage laryngectomy are predisposed to radiation-induced hypothyroidism and impaired wound healing secondary to the tissue effects of prior treatment. The impact of hypothyroidism on postoperative wound healing is not established. Methods. A single-institution retrospective case series was performed. The inclusion criteria specified preoperatively euthyroid adults who underwent salvage laryngectomy with concurrent neck dissection between 1997 and 2015 for persistent or recurrent laryngeal squamous cell carcinoma after radiation or chemoradiation therapy (n = 182). The principal explanatory variable was postoperative hypothyroidism, defined as thyroid-stimulating hormone (TSH) higher than 5.5 mIU/L. The primary end points of the study were pharyngocutaneous fistulas and wounds requiring reoperation. Multivariate analysis was performed. Results. The fistula rate was 47% among hypothyroid patients versus 23% among euthyroid patients. In the multivariate analysis, the patients who experienced hypothyroidism in the postoperative period had a 3.6-fold greater risk of fistula [95% confidence interval (CI) 1.8-7.1; p = 0.0002]. The hypothyroid patients had an 11.4-fold greater risk for a required reoperation (24.4 vs 5.4%) than the euthyroid patients (95% CI 2.6-49.9; p = 0.001). The risk for fistula (p = 0.003) and reoperation (p = 0.001) increased with increasing TSH. This corresponds to an approximate 12.5% incremental increase in the absolute risk for fistula and a 10% increase in the absolute risk for reoperation with each doubling of the TSH.
greater risk of fistula [95% confidence interval (CI) 1.8-7.1; p = 0.0002]. The hypothyroid patients had an 11.4-fold greater risk for a required reoperation (24.4 vs 5.4%) than the euthyroid patients (95% CI 2.6-49.9; p = 0.001). The risk for fistula (p = 0.003) and reoperation (p = 0.001) increased with increasing TSH. This corresponds to an approximate 12.5% incremental increase in the absolute risk for fistula and a 10% increase in the absolute risk for reoperation with each doubling of the TSH. Conclusion. Postoperative hypothyroidism independently predicts postoperative wound-healing complications. The association of hypothyroidism with fistula formation may yield opportunities to modulate wound healing with thyroid supplementation or to provide a biomarker of wound progression.
Laryngeal squamous cell carcinoma (SCC) has a significant disease burden, with approximately 150,000 cases diagnosed annually. 1 The Veterans Affairs Larynx Cancer study 2 and subsequent Radiation Therapy Oncology Group 3 studies have shifted the treatment paradigm toward nonsurgical approaches with laryngeal preservation. As a result, radiotherapy (RT) or chemoradiotherapy (CRT) for laryngeal SCC has become an accepted standard of care, with the goal of maintaining native speech and swallowing function while providing survival similar to that associated with primary laryngectomy. [2] [3] [4] Unfortunately, disease recurrence or persistence after treatment requires laryngectomy for approximately one third of advanced-stage patients. [5] [6] [7] As a result, salvage laryngectomy has become a growing component of the head and neck surgeon's practice.
Patients undergoing salvage laryngectomy are predisposed to impaired wound healing secondary to the tissue effects of RT and CRT because it induces a hypoxic, hypocellular, and hypovascular environment. 8 Breakdown of the pharyngeal closure leads to a pharyngocutaneous fistula in 30-75% of patients. [9] [10] [11] [12] [13] [14] Fistula formation increases short-and long-term morbidity, prolongs hospitalization, and is the most common cause of wound-related death for the postsurgical head and neck cancer patient. 12, [14] [15] [16] In response, surgeons have developed a variety of reconstructive techniques to reduce the risk of fistula, with significant institutional and surgeon variation in reconstructive patterns used during salvage surgery. [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] Hypothyroidism, as indicated by elevated thyroid-stimulating hormone (TSH), is a known contributor to poor wound healing, and head and neck cancer patients previously treated with RT and CRT have a high risk (up to 48%) of experiencing hypothyroidism. 32 Radiation induces direct microvascular damage to the thyroid gland, resulting in reduced synthetic and secretory capacity. [33] [34] [35] Subsequently during laryngectomy, one or more of the thyroid lobes is frequently resected with the surgical specimen. Even when the gland is not resected, it is manipulated during surgery. 36 Furthermore, the gland often is devascularized because the superior thyroid artery frequently is used for microvascular anastomosis or ligated during neck dissection. Central neck dissection further compromises the blood supply to the thyroid gland.
Hypothyroidism also has been associated with pharyngocutaneous fistula development. 37 Spontaneous closure of persistent fistulas after thyroid hormone replacement therapy has been reported, and persistent fistulas have been correlated with ongoing hypothyroidism. [38] [39] [40] To date, however, no studies have explored the relationship between postoperative hypothyroidism and wound healing during salvage head and neck surgery. We hypothesize that the previously radiated and surgically manipulated thyroid gland is predisposed to decreased function, resulting in an inability to compensate for increased metabolic demands, and compromises wound healing after surgery. [41] [42] [43] Therefore, this study aimed to examine the relationship between hypothyroidism and wound healing after salvage laryngectomy.
METHODS
An institutional review board (IRB)-approved singleinstitution retrospective case series was performed, informed by a prospectively maintained database of patients with laryngeal cancer (University of Michigan IRB HUM00081554). Adult patients who underwent salvage laryngectomy with concurrent neck dissection between 1997 and 2015 for persistent or recurrent laryngeal SCC after RT or CRT failure (n = 182) at the University of Michigan were enrolled in the study. Because post-operative hypothyroidism was the principal explanatory variable, patients with elevated TSH pre-operatively and patients without TSH levels postoperatively were excluded from the study. Patients also were excluded if a diverting pharyngostome was created at the time of the initial reconstruction.
Demographics, initial and recurrent clinical T classification and N classification, primary treatment method, levels of neck dissections, pathologic recurrent T and N classification, and preoperative levothyroxine use were tabulated. Patients were staged in accordance to the 7th edition of the American Joint Committee on Cancer Staging System. Levels of TSH were collected. Patients were classified as hypothyroid if a postoperative TSH level was greater than 5.5 mIU/L, which is our lab value cutoff institutionally that defines hypothyroidism. The primary end points of the study were fistula formation within 30 days after surgery and wound complications that required reoperation.
Statistical Analysis
Univariate analysis was performed, and bivariate associations between clinical variables were tested with nonparametric tests (i.e., Fisher's exact test, v 2 test with Monte Carlo estimates for error terms). The peak TSH value in the postoperative period was evaluated as a predictor in a logistic regression model of fistula and need for reoperation, and multivariate analysis was performed. Variables with a p value lower than 0.1 in the bivariate analysis were included in the model. Additionally, reconstruction with vascularized tissue (regional or free flap) and prior chemotherapy were included in the model because these were considered important variables to help explain the model. The development of hypothyroidism also was evaluated.
Bivariate analysis was performed, and variables with a p value lower than 0.1 in the bivariate analysis were included in the multivariate model. Uni-and bivariate statistics were calculated using SPSS version 24 software (IBM, Armonk, NY, USA), and logistic regression modeling was performed using Statistical Analytics Software (SAS Institute Inc., Cary, NC, USA). An alpha of 0.05 was used for all statistical tests to determine statistical significance.
RESULTS

Study Population
The study cohort comprised 182 patents, the majority of whom were men, with a mean age of 61 years ( Table 1 ). The majority of the patients were current (42.9%) or former (54.9%) smokers. In total, 53.3% of the patients had recurrent tumors of the glottis, whereas 45.1% had tumors of the supraglottis, with the remaining tumors arising from the subglottis. In terms of previous treatment, 53.8% of the patients had been treated initially with RT alone, whereas 46.2% of the patients had been treated with CRT. Most tumors were classified as advanced T (67.9%) or advanced overall stage (71%).
The majority of the population (96%) was euthyroid, based on preoperative TSH. Eight patients were noted to be hypothyroid before surgery, and levothyroxine was started for these patients before their operation. An additional 23 patients were receiving chronic thyroid replacement. In total, 17% of the patients were receiving levothyroxine before surgery. For the patients who underwent total thyroidectomy during laryngectomy, levothyroxine was started postoperatively.
Of the 182 patients, 160 underwent total laryngectomy without pharyngectomy, 9 underwent a total laryngectomy with partial pharyngectomy, and 13 underwent total laryngopharyngectomy. Regarding reconstruction of the pharynx after laryngectomy, 45.8% of the patients were reconstructed with a vascularized flap, whereas 51.6% of the patients underwent primary closure alone.
Risk Factors for Postoperative Hypothyroidism
During the postoperative period, 50% of the patients experienced hypothyroidism. Recurrent advanced-stage disease, tumor subsite, prior chemotherapy, vascularized flap reconstruction, central neck dissection, the development of postoperative hypocalcemia, previous tracheostomy, gender, and tobacco use all were predictive variables. In the binomial logistic regression, only advanced stage, flap reconstruction, and postoperative hypocalcemia were predictive of hypothyroidism. The patients with advanced-stage disease (stage 3 or 4) had a 3.2-fold greater risk for the development of hypothyroidism than the patients who had early-stage disease (stages 1 or 2) [95% confidence interval (CI), 1.4-7.3; p = 0.005]. Similarly, the patients reconstructed with a vascularized flap had a 2.8-fold greater chance of experiencing postoperative hypothyroidism (95% CI 1.3-6.2; p = 0.008). The patients with postoperative hypocalcemia were 6.7 times more likely to experience postoperative hypothyroidism (95% CI 2.5-12.8; p \ 0.001). However, central neck dissection alone did not correlate with the development of hypothyroidism (p = 0.183) (Fig. 1) .
Fistula and Hypothyroidism
The overall pharyngocutaneous fistula rate in our cohort was 35%. In 15% of the patients, a fistula developed that required reoperation. The reconstructive approach was not statistically related to fistula formation (p = 0.752) or BMI body mass index, RT radiotherapy, CRT chemoradiotherapy, MD missing data fistula requiring return to the operating room (p = 0.487, Table 2 ).
In the multivariate analysis, the patients who experienced hypothyroidism in the postoperative period had a 3.6-fold greater risk for the development of fistula (95% CI 1.8-7.1; p = 0.0002). This corresponds to a 47% fistula rate for the hypothyroid patients compared with a 23% fistula rate for the euthyroid patients (Fig. 2) . Similarly, the hypothyroid patients had an 11.4-fold greater risk for the development of a fistula that required reoperation (24 vs 5%) than the euthyroid patients (95% CI 2.6-49.9; p = 0.001) (Fig. 2) .
Preoperative thyroid replacement therapy did not correlate with fistula formation (p = 0.17) or reoperation (p = 0.44). Neither a history of previous chemotherapy or reconstruction using a vascularized flap significantly affected the fistula rate. Previous chemotherapy was associated with reconstruction using a vascularized flap (p \ 0.0001), but neither variable was predictive in the multivariate model. In this study, TSH also was analyzed as a continuous variable because it relates to fistula and the need for reoperation in a logistic regression model. When TSH was analyzed as a continuous variable, the risk for fistula (p = 0.003) and fistula requiring reoperation (p = 0.001) steadily increased with increasing TSH. This corresponded to an approximate 12.5% incremental increase in the absolute risk for fistula with each doubling of the TSH (Fig. 3a) and a 10% increase in the absolute risk for fistula requiring reoperation with each doubling of the TSH (Fig. 3b) .
Hypothyroidism was associated with other wound complications in addition to fistula. In a bivariate analysis, the patients with postoperative hypothyroidism were more likely to experience postoperative hemorrhage or hematoma (20.0 vs 9.8%; p = 0.05) and more likely to experience dehiscence of the neck closure (56.7 vs 35.9%; p = 0.005). Surgical-site infection did not differ between the two groups (p = 0.161).
DISCUSSION
The increased use of RT and CRT for patients with laryngeal SCC has engendered an increase in salvage laryngeal surgeries. Salvage laryngectomy after RT or CRT places patients at significant risk for wound-healing complications, most notably fistula development. 44, 45 The fistula rate in our study was 35%, consistent with other reports in the literature. 45 This is in contrast to a 17% (12/ 72) fistula rate for patients undergoing primary laryngectomy (not previously treated with radiation or chemoradiation) at our institution during the same period. Additionally, the reoperation rate for our cohort was 15%, compared with 4% (3/72) for the patients undergoing primary laryngectomy.
Despite the numerous studies evaluating risk factors for fistula and other wound complications, few have identified a significant modifiable risk factor. This study is the first and largest to evaluate the effects of postoperative hypothyroidism on surgical wound healing. In this study, hypothyroidism was the only predictive factor in relation to pharyngocutaneous fistula. Additionally, this study is the first to demonstrate that the risk of fistula and wound complications requiring return to the operating room both increase with increasing TSH. The contribution of hypothyroidism to wound healing is an important consideration for those aiming to improve on the persistently high rate of pharyngocutaneous fistulas because hypothyroidism after salvage laryngectomy is becoming increasingly recognized. 42, 43 This is significant because it is a potentially modifiable risk factor with dramatic opportunity for quality improvement in an era of such clinical scrutiny. Moreover, it has potential application to other surgical venues in which wound healing is a vexing issue.
Measurement of TSH is the most commonly used test to diagnose hypothyroidism because it reliably detects dynamic perturbations in thyroid hormone levels. Thyroid-stimulating hormone synthesis is modulated by thyroid hormone levels, neuropeptides, and neurotransmitters. Hypothalamic thyrotropine-releasing hormone (TRH) is the main stimulating factor of TSH synthesis, but it is a labile hormone that can be affected by non-thyroidal influences because it is modulated by catecholamines, somatostatin, and dopamine. 47 Findings have shown that TSH levels can be altered during an acute illness. 48 Although most hospitalized patients with acute illnesses have normal serum TSH concentrations, transient TSH abnormalities can be encountered in the absence of thyroid dysfunction. 48 During an acute illness, TSH levels typically are suppressed, but in some instances, TSH levels become mildly elevated. In light of this, it is debated whether elevated TSH after salvage laryngectomy represents true hypothyroidism or rather an acute-phase reactant indicating physiologic stress associated with major surgery. Although the findings in this study are associative and thus cannot fully answer this question, we hypothesize that elevated TSH in this population represents true hypothyroidism in the majority of patients, and that this is a contributory factor in wound complications.
Of particular interest was the finding in this study that vascularized tissue reconstruction did not predict fistula formation. This conflicts with several multi-institutional studies investigating the beneficial effects of reconstruction using vascularized tissue. 20, 24, 26, 29, 31, [49] [50] [51] This likely was the case because higher-risk patients were significantly more likely in this cohort to require free tissue transfer, as indicated by the disparity in terms of chemotherapy exposure (63.6 vs 29.8%; p \ 0.001), preoperative tracheostomy, (44.3 vs 21.3%; p = 0.001), and mean body mass index (23.7 vs 26.1; p = 0.02). Thus, free flap potentially mitigates the risk associated with these other variables, and potentially explains why this was not significant in our data set.
One interesting consideration is the recipient vessel choice when free tissue reconstruction is performed. The superior thyroid artery is a vessel commonly used in microvascular reconstruction after total laryngectomy given its proximity to the defect and favorable geometry. In cases of prior irradiation or neck dissection, potential recipient blood vessels may be ligated or may not be patent due to prior treatment. 23 In these cases, other arteries must be considered, such as the facial, transverse cervical, internal mammary, and dorsal scapular arteries. 52, 53 Many factors need to be considered by surgeons deciding on recipient vessels, including vascular pedicle length, caliber, flow, treatment effects, and pedicle geometry. The reconstructing surgeon should be cognizant, however, concerning the potential effects of the superior thyroid artery on thyroid function and should monitor this postoperatively.
This study had notable limitations. The retrospective nature of this study did not allow us to establish causation. Although this is the largest study to evaluate hypothyroidism and wound healing after salvage head and neck surgery, the cohort remained relatively small. Additionally, the relationship of TSH to thyroxine (T4) and triiodothyronine (T3) levels could not be established because these lab values were not collected, which was a limitation of this retrospective study. Additionally, the hypothesis that elevated TSH is an acute-phase response and not true hypothyroidism could not be disproven because we did not measure other acute-phase response markers to draw correlations. The treatment of hypothyroidism was not uniform in timing or dosing in this cohort. Thus, the effect of thyroid replacement in mitigating wound complications could not be fully understood with this data set.
Further research is needed to determine whether wound complications can be mitigated with routine postoperative thyroid replacement algorithms, and to evaluate other acute-phase markers. We are currently planning the development of such protocols in light of these hypothesisgenerating data.
CONCLUSION
Postoperative hypothyroidism independently predicts complications with wound healing after surgery. Although advanced tumor stage, flap reconstruction, and postoperative hypocalcemia were associated with hypothyroidism, hypothyroidism itself was the only variable predictive of pharyngocutaneous fistula formation. The association of hypothyroidism with fistula formation may yield opportunities to modulate wound healing with thyroid supplementation or to allow a blood-based biomarker of wound progression in patients undergoing salvage laryngectomy.
